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Abstract 
In this paper, the impact of mean size of anisometric hemp shives particles (length) on compressive 
strength and other parameters of lightweight composites is studied. Sample of hemp shive with a wide 
lengths distribution (8 – 0.2 mm; mean length: 33.7 mm) and two separated fractions (< 4 mm and 4-8 
mm) with mean length of particles 7.3 mm and 27.7 mm were used in the experiments. Composites based 
on MgO-cement as a binder with a constant ratio of hemp shives (40 vol. %) were prepared.  Density, 
compressive strength, thermal conductivity and water absorbability of composites after 28 days of 
hardening were tested. Effect of mean length of hemp shives slices on the above mentioned 
characteristics of fibrous composites was confirmed. Values of density and compressive strength of 
fibrous composites increase with decreasing length of hemp shive slices. The lowest value of water 
absorbability was recorded for composite based on fraction with short length of hemp shives slices. The 
impact of mean length of hemp shive slices on thermal conductivity parameter was not confirmed.  
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1.  Introduction 
The technical hemp as fast-growing plant has prospect not only in terms of biomass energy recovery, 
but also of material in the construction field in accordance with the principles of sustainable development. 
Natural cellulosic fibres can substitute for conventional non-renewable reinforcing materials in 
composites, such as man-made fibers (such as carbon, glass or aramid). A special attention is paid to the 
use of fibrous hemp in the building materials preparing for various purposes, such as insulation boards, 
mass-spraying hempcrete respectively for the production of lightweight composites, where it is in the role 
of a filler >1,2@. Specially, hemp fibres are very heterogeneous and can be considered themselves as a 
composite system comprising of three different parts: a middle  lamella, a primary and secondary cell 
wall, build up around an opening - the lumen [3,4]. The middle lamella is mainly composed of pectins 
that hold fibres together into a bundle. Next to the middle lamella, the primary cell wall consisting of 
disorganised arrangements of cellulose fibrils in an organic matrix of hemicelluloses, lignin and proteins. 
The secondary cell wall consists of three layers of cellulose fibrils that are bound by lignin. The 
mechanical properties of hemp composite depend on cellulose type, size, surface area, crystallinity and 
the structural swelling of fibers that predetermine these properties in significant measure >5@. Mineral 
matrix properties as well as composition of mixture belong to important parameters determining the 
mechanical and physical properties of hemp composites too. At present, the usage of hemp fibres in 
mineral matrix (such as lime) is known in Europe (France, Great Britain and Germany). Lime-hemp 
construction has been used in hundreds of new low/medium rise buildings. The application of hemp in 
composites with other alternative binders or admixtures has not yet been systematically studied. The aim 
of our research is to developed the production technology for a new energy resources saving composite 
building material based on MgO-cement as an alternative binder with hemp shives reinforcement, as well 
as testing mechanical and physical properties. Hemp shives is basically regarded as a waste - wooden part 
of the hemp stem (approximately 2/3 of stem) in the processing of hemp plant to the fiber.  
In our previous papers >6-11@, utilization of different binding agents (hydrated lime, cement and 
zeolite) in combination with unsorted hemp shives in hemp concrete was studied. Hemp composites based 
on MgO-cement as binder were investigated with emphasis to compare the influence of thermal loading 
and water absorption on composites with regard to mechanical, thermal and structural properties. Varying 
the producing technology (hemp shives and MgO-cement ratio in mixture) it is possible to obtain 
composites with density from 570 to 1555 kg.m-3 and with compressive strength from 0.6 to 10.33 MPa 
after 90 days of hardening >12@. 
The aim of this work is to investigate the effect of different mean lenght of hemp shive slices on 
compressive strength and other physical parameters of hardened composites with constant amount of 
MgO-cement binder.   
2.  Material and Methods 
Dried hemp shive slices (density - 115 kg.m-3; average length – 33.7 mm) used in experiments 
(supplied by Hungarohemp Rt, Nagylak, Hungary) was polydisperse waste material originating from 
hemp fibres production.  94.1 % of hemp shive slices had length longer then 1 mm and the longest slices 
had size of 8 mm. Chemical analysis of hemp shives showed that content of polysaccharide component 
(holocellulose) is 71.5 %. Chemical characteristic of components of holocellulose (cellulose and 
hemicellulose) and other components is in Table 1. 
Two fractions of hemp shives (< 4 mm; 8-4 mm) with average size slices of hemp shives (7.3 mm and 
27.7 mm) were separeted. To the mixtures based on two fractions and initial sample of hemp slices was 
added MgO-cement as a conventional binder replacement. MgO-cement consists of magnesium oxide 
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obtained by low temperature decomposition of natural magnesite (CCM 85, SMZ a.s. Jelsava, Slovakia), 
 
Table 1. Chemical analysis of initial hemp shives >13@  
 
Characteristic Content 
(wt. %) 
Cellulose 44.3 
Hemicellulose 27.2 
Lignin  22.0 
Toluene-ethanol extract 6.2 
 
silica sand (Sastin, Slovakia) with dominant component of SiO2 (95-98%) and the last component of the 
binder is sodium hydrogen carbonate (NaHCO3) p.a. The effect of MgO milling has been investigated in 
order to reduce its particle sizes and details of milling procedure as well as granulometric composition of 
MgO and SiO2 are described in the papers [10, 11]. Product of milling after 5 min was chosen as the most 
available for next research and its mass yield of fraction under 5 μm was 53.02 wt.% (laser granulometer 
Helos with dry dispersion unit Rodos, Sympatec, Germany) and mean particle diameter (calculated from 
particle size analysis) was 6.852 μm.  
Experimental mixtures prepared according to the recipe published in work >14@ consisted of 40 vol. % 
of hemp shives, 29 vol % of MgO-cement and 31 vol % of water. Designation of the mixtures is given in 
Table 2. Homogenization of the mixtures carried out in a labour mixer (type ZZ 150 SH) with a 
horizontal rotary drum. Standard steel cube forms of dimensions 100 mm x 100 mm x 100 mm were used 
for forming the mixture test bodies. The mixture in the form was rammed on the VSB 40 vibration plate 
for 3 min. The molds were cured under laboratory conditions according to standard procedures during 28 
days. At the end of 24 h, the samples were removed from the mold, and composite bodies were hardened 
under the conditions required by standard >15@.  
 
Table 2. Designation of the experimental mixtures  
 
Mixture Mean length of hemp shive slices (mm) 
1 33.7 
2 27.7 
3 7..3 
 
 Compressive strength (using an ELE ADR 2000), density, thermal conductivity coefficient (ISOMET 
104) and water absorbability were determined after 28 days of hardening. Testing of absorbability was 
based on determination of weight increase of tested samples during their full immersion in water, which 
were stored for the required time at a constant temperature.  
3.  Results and discussion 
Table 3 shows the results of density, compressive strength, thermal conductivity coefficient and 
absorbability of composites containing initial hemp shives and its fractions after 28 days of hardening. As 
it can be seen, the values of three parameters increase with decreasing mean size of hemp shives slices. 
The density of hardened composites does not change significantly by varying the mean size slices of 
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hemp shives. In the case of mixture 3 (with the least mean length of hemp shive slices), it represents only 
10.5 % growth over the composite with the longest slices.  
Table 3. Density and compressive strength values of composites based on hemp shive slices of various mean length 
Mixture Density (kg.m-3) Compressive 
 strength (MPa) 
Thermal conductivity  
coefficient (W m-1K-1)  
Absorbability (%) 
1 1040 2.73 0.111  21.38 
2 1070 4.20 0.115 25.81 
3 1150 5.20 0.110 11.88 
 
Compressive strength of composite 3 with the shortest hemp shive slices reaches almost twice the 
value specified for composite 1 with the longest hemp shive slices. This result is in accordance with work 
>16@, where mechanical properties of foam gypsum composite with hemp fibrous reinforcement had been 
determined depending on fibers length and their concentration in composite.  
Thermal conductivity coefficient values of all composites are very similar (0.110-0.115 W m-1K-1) and 
comparable to other building materials >10@. Thus, the influence of mean size of hemp shive slices on this 
parameter of hardened composites was not found.  
Absorbability is determined by porous structure of composites. In the case of composite 3 (with the 
shortest hemp shive slices), the lowest value of water absorbability has yielded a result of the densest 
arrangement of hemp shive slices in MgO-cement matrix in composite. Difference in absorbability 
between samples 1and 2 is caused probably by slices size in hemp shive. Sample 2 does not content short 
hemp slices (fraction 8-4 mm) and structure of composite is more porous than that in the composite 1 
(with a wide distribution of slices size) what led to higher value of absorbability.    
Further research will be directed to strength parameter development of composite materials for long 
time curing composites and to study the effect of quantity of hemp shives with various mean sizes of 
slices.    
4.  Conclusions 
The results of our experiments confirmed the influence of mean size of hemp shive slices on physical 
and mechanical properties of fibrous composites based on MgO-cement. Increase in values of density, 
compressive strength and water absorbability of composites after 28 days of hardening with decreasing 
length of hemp shive slices was found. The change in the density determines the compressive strength. 
The impact of mean length of hemp shive slices on thermal conductivity parameter was not confirmed.  
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